EFFICIENT QUANTITATIVE RISK ASSESSMENT OF JUMP PROCESSES: IMPLICATIONS FOR FOOD SAFETY by Nganje, William E.
*Nganje is assistant professor in the Department of Agricultural Economics, North Dakota State
University, Fargo.
AE Staff Paper No. 99006 October 1999
Efficient Quantitative Risk
Assessment of Jump Processes:
Implications for Food Safety 
William E. Nganje Ph.D.*Outline
Introduction
What is quantitative risk assessment?
Problem statement
Objective  
Review of Previous Studies
Motivation and issues
Current risk assessment models
Method
Jump processes in food safety
Modeling  jump processes
Quantitative risk assessment with jump processes 
Results 
Conclusion and ImplicationsAbstract
This paper develops a dynamic framework for efficient quantitative risk assessment from
the simplest general risk, combining three parameters (contamination, exposure, and dose
response) in a Kataoka safety-first model and a Poisson probability representing the uncertainty
effect or jump processes associated with food safety. Analysis indicates that incorporating jump
processes in food safety risk assessment provides more efficient cost/risk tradeoffs.
Nevertheless, increased margin of safety may lead to reduction in food safety expenses on areas
that have relative advantage in reducing mean risk. The paper also develops an alternative
measure for the value of risk reduction associated with uncertainty of jump processes and the
cost of food safety.  
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A major challenge in food safety risk assessment is that food assessed to be completely
safe at a point in time later becomes hazardous due to the development of new resistant microbes
or exposure of food to adverse epidemiological or environmental conditions. In modeling, we
can liken this to a jump process. 
Jump processes and its time component are two unique features of food safety risk
assessment that distinguishes it from environmental  and ecological risk assessment. This paper
introduces a decision framework for food safety risk assessment, which incorporates these
features and the characteristic uncertainty about the outbreak of new hazardous bacteria strains. 
To better understand the issues addressed in this paper, the definition of quantitative risk
assessment, the problem, and the objective are discussed next. 
What is Quantitative Risk Assessment? Quantitative risk assessment is the science of
understanding hazards (unwanted events), how likely they are to occur, and the consequences if
they do occur (Ahl et al., 1993).  This definition is analogous to qualitative risk assessment or
perceived risk or the degree of “outrage.”  Perceived risk is a function of the degree of fairness
and choice, familiarity, the decision making process and others.  Examples that illustrate the
difference between quantitative and qualitative risk assessments are outbreaks with high hazards
but low outrage like consumption of tobacco, high hazard and high outrage like drunken drivers
or nuclear plants, and low hazard but high outrage like food irradiation (CAST, 1992).
According to Codex Alimentarius, risk assessment consists of four major components:
• Hazard identification: The identification of biological, chemical, and physical agents
capable of causing adverse health effects in food. 2
• Hazard characterization: The qualitative and/or quantitative evaluation of the nature of
adverse  health effects associated with the above agents.  
•  Exposure assessment: The qualitative and/or quantitative evaluation of the likely intake
of these agents via food or other sources.
• Risk characterization: The qualitative and/or quantitative estimation of the probability of
occurrence and severity of adverse effects. 
Problem Statement
What is the likelihood that food assessed to be completely safe at a point in time later
becomes hazardous?  The paper focuses on the time interval between food processing to retail
(grocery shops and restaurants) operations. 
Objective 
This paper introduces a decision framework for efficient food safety risk assessment and
regulation, which incorporates the characteristic uncertainty about jump processes and the
outbreak of new hazardous bacteria strains.
Review of Previous Studies: Motivation and Issues
The general framework for food safety risk assessment documented by Roberts, Ahl, and
McDowell (1994), and used by the FSIS, identifies the hazards, develops a process flow chart,
establishes pathways, and uses @Risk to simulate the distribution of human illness or death due
to a particular organism. While these models reasonably approximate the mean risk they fail to: 3
• Accommodate for correlation of probabilities between sectors or from one point on the
pathway to another.  The models assume independence in probability.  In practice a
hazard in the retail sector may be correlated with the prior presence of pathogens from
processing.       
• Identify areas in the food chain with greatest impact in reducing infection.  Although
75% of food borne illness in the past have been traced back to the retail level or the
home, all regulatory costs are incurred by processing and packaging firms.
•  Determine the interface between risk assessment and control costs in food safety.
Environmental risk assessment models developed by Lichtenberg and Zilberman (1988),
which are used extensively by the FDA, provide a good foundation for food safety risk
assessment by incorporating  uncertainty, but their model does not address the unique features of
jumps and the time dimension associated with microbial food safety.
Current Risk Assessment Models
 Probabilistic Scenario Analysis (PSA) This is the model currently used for food safety
risk assessment. Roberts, Ahl, and McDowell identify the procedure for this model.  They are:
(1) identify hazard of interest, (2) state the question to be investigated, (3) develop all possible
pathways (with and without a colony forming unit, CFU) from processors to retail, for example,
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2   is assumed to be zero in the model. 5
The Log Risk Model
The model was developed by Lichtenberg and Zilberman (1988). The advantages of this
model over the PSA are that: it incorporates uncertainty at each node and across nodes in a
practical manner and it provides a good foundation for efficient regulatory strategy.  It
determines variables and areas with greatest potential to reduce health risk. The basic variables
for the model presented below are contamination, exposure, and dose response.
Y(P) = M1(R1) + M2(R2) + M3   + F(P)[S1(R1) + S2(R2) + 2r S1(R1)S2  (R2) + S3]
1/2 - Y0 = 0
where
M1 , M2 , and M3 are the means contamination, exposure, and dose response
F(P) = Standard normal value which exceeds probability of  illness of death (p) 
Y0   = Kataoka safety-first  criteria 
Efficient Regulatory Strategy
The Log Risk Model can be viewed as a portfolio model, used to evaluate cost-risk
tradeoffs if R1 , R2  are the costs of regulating food safety by the different sectors (processing and
retail).
 Max - R1 -R2 
s.t.
Y(P) = M1(R1) + M2(R2) + M3   + F(P)[S1(R1) + S2(R2) + 2r S1(R1)S2(R2) + S3]
1/2 - Y0  = 0
The shadow value of this optimization problem provides an alternative measure for the
value of risk reduction or consumers’ willingness to pay for food safety.  This estimate may be
more reliable for credence attribute of food safety where consumers cannot determine the quality6
Pathogen numbers in burger lines after running for 































of the product even after buying and consuming the product, therefore relying on the government
to regulate food safety.  It assumes consumers either directly incur the cost transferred by firms
or provide taxes that the government indirectly uses to regulate the product.
While this model reasonably approximates the mean risk and uncertainty effect of
continuous processes, it  does not incorporate characteristic jumps and the dynamic component
of microbial hazards in food safety. 
Method
Jump Processes in Food Safety
Whiting and Buchanan (1997), show how pathogen jumps can occur if burger lines run
for 20 hours as compared to 5 hours.  Similar jumps may occur if food is exposed to unfavorable
epidemiological or environmental conditions or when new pathogens develop. 
Modeling  Jump Processes 7
Jump processes have been model by several authors [Dixit and Pindyck, 1994; Hilliard
and Reis, 1999].  Jumps can be modeled as unsystematic or systematic. Unsystematic jumps are
jumps that can be diversified (Merton, 1976).  A good example is proper food handling at the
retail and home level to prevent the growth of hazardous microbes.  Systematic jumps are jumps
that can not be diversified (Bates, 1991).  An example is the occurrence of a new bacterial strain. 
Poisson distributions have been used extensively to model jumps.
Let 8 denote the mean arrival rate of an event.  For infinitesimal length dt, the
probability of the event happening = 8dt
If q = Poisson process, dq = 0 with probability 1- 8dt, and dq = 1 with probability 8dt.
The actual process followed in food safety hazards can therefore be written as a jump
diffusion model for unwanted hazard (H), given by the equation below.
dH/H = [s- 8c]dt + Fdz + mdq
where
s = Presence of 1CFU or expected size of the jump
 F = instantaneous variable conditional on no jump
z = standard wiener process
m = random percent jump conditional upon a Poisson jump
8 = frequency of Poisson jump
q = Poisson counter with intensity 8  8
Quantitative Risk Assessment with Jump Processes
First, the interface between risk assessment and regulatory control costs in food safety is
analyzed to determine the balance between cost and adequate protection.  Next, the paper
presents a theoretical estimate for  consumers’ willingness to pay for food safety or the value of
risk reduction.  A dynamic model that captures the unique characteristic of jumps is used to
evaluate control cost against adequate protection.
Max -me
-rt[ Ri (xit ,:it) ]dt + WT (xit)
            subject to dH/H = [s- 8c]dt + Fdz + mdq - Y0 t
where
e
-rt  = discount factor for time t
Ri (xit ,:it) = Welfare function 
xit  = state variables for safety or contamination levels, exposure, and dose response
:it  = policy variable or HACCP expenses
WT (xit) = Salvage condition
Solving the Regulatory Decision Problem
Using optimal control theory, the Hamiltonian for this problem can be written as:
Ht = e
-rt Ri(xit ,:it) + 8t+1 [h(xit ,:it)]
1.  dH/d:it = *R/*,:it + 8t+1 *h/*,:it =0
2. d8t+1 /dt = *H/*xit = *R/*xit + 8t+1 *h/*xit =0
3. dxit /dt = *H/*8t+1  = h(xit ,:it) 9
  8t  =  *R/*xit + 8t+1 *h/*xit is the change in cost over time as risk changes from sector to
sector or along the pathway.  Consequently, operations with higher risk should incur higher
regulatory cost.  A comparative static analysis is done for the optimal solution. 
Results
First, the paper provides a conceptual framework to assess food safety risk with the
characteristic uncertainty of jump processes.  The model developed also provides a welfare
estimate of consumers’ willingness to pay for food safety or the value of risk reduction
(especially for the credence attribute of food safety). Major findings from the comparative static
analysis reveal that: 
The jump component of microbial risk assessment increases as uncertainty about risk
increases. Because it is difficult to anticipate jumps due to new bacteria, this component should
be incorporated in microbial risk assessment. 
Increases in the margin of safety may lead to reduction in food safety expenses on areas
that have relative advantage in reducing mean risk.
Areas with greatest potential for risk reduction, like retail, are associated with greater
control cost.  Sector cost increases as risk increases.  The implication of this finding to policies
like  HACCP may require mandatory HACCP at the retail level as well.   
Conclusion and Implications
The analysis indicates that efficient quantitative microbial risk assessment should
incorporate jump processes and its dynamic component.  10
•  Regulating food safety may be more efficient with a cost/risk tradeoff framework.
• The paper provides welfare estimates of consumers’ willingness to pay for food safety or
the value of risk reduction (especially for the credence attribute of food safety). 
• The model can be adopted to amend regulatory policies like HACCP, determine cost-risk
tradeoff for different sectors and industries. 
• A major problem that may be encountered with this model is the complexity in
programming and pathway data from production to consumers.11
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